Summary For the past 20 years thickness of the primary tumour has been accepted as the most important guide to prognosis for patients with primary cutaneous malignant melanoma. The changing epidemiology of melanoma with an increasing number of patients with thin tumours has necessitated a reappraisal of this, with particular reference to interactions among tumour thickness, the patients' sex and the presence or absence of ulceration of the primary tumour. All primary cutaneous malignant melanomas diagnosed in Scotland between 1979 and 1986 were used as the test group (1978 patients). The proportional hazards model was used on all potential risk factors in the database and their two-way interactions, and the resulting models based on stepwise procedures were subsequently validated on 289 melanoma patients first diagnosed in 1987 in the same geographic area. Four distinct subgroups of males and females with ulcerated or non-ulcerated lesions were identified. For females with ulcerated lesions, tumour thickness, mitotic count and anatomical site of primary all gave valuable prognostic information, whereas for females with non-ulcerated lesions only tumour thickness was of prognostic value. For males with ulcerated lesions, level of invasion was the only prognostic guide, while for males with non-ulcerated lesions both tumour thickness and level of invasion contributed significantly to prediction of prognosis. Prognosis is markedly different across subgroups of the melanoma population, even to the extent that essential prognostic factors are not the same in the distinct subgroups. Verification of these prognostic guides derived from 1979-86 patients has been achieved for all patients diagnosed with melanoma in 1987 from the same geographic area. These data will therefore be useful aids for clinicians managing patients.
Summary For the past 20 years thickness of the primary tumour has been accepted as the most important guide to prognosis for patients with primary cutaneous malignant melanoma. The changing epidemiology of melanoma with an increasing number of patients with thin tumours has necessitated a reappraisal of this, with particular reference to interactions among tumour thickness, the patients' sex and the presence or absence of ulceration of the primary tumour. All primary cutaneous malignant melanomas diagnosed in Scotland between 1979 and 1986 were used as the test group (1978 patients) . The proportional hazards model was used on all potential risk factors in the database and their two-way interactions, and the resulting models based on stepwise procedures were subsequently validated on 289 melanoma patients first diagnosed in 1987 in the same geographic area. Four distinct subgroups of males and females with ulcerated or non-ulcerated lesions were identified. For females with ulcerated lesions, tumour thickness, mitotic count and anatomical site of primary all gave valuable prognostic information, whereas for females with non-ulcerated lesions only tumour thickness was of prognostic value. For males with ulcerated lesions, level of invasion was the only prognostic guide, while for males with non-ulcerated lesions both tumour thickness and level of invasion contributed significantly to prediction of prognosis. Prognosis is markedly different across subgroups of the melanoma population, even to the extent that essential prognostic factors are not the same in the distinct subgroups. Verification of these prognostic guides derived from 1979-86 patients has been achieved for all patients diagnosed with melanoma in 1987 from the same geographic area. These data will therefore be useful aids for clinicians managing patients.
Keywords: malignant melanoma; prognosis
Over the past decade malignant melanoma of the skin has attracted attention because of its rapidly rising incidence (Maclennan et al., 1992) . Melanoma-related mortality is also rising, but at a slower rate. Overall, quoted 5 year survival for large series is around 70%, but there are striking differences within population subsets. Since the seminal papers of the late Alexander Breslow, which established that patient survival correlated well with thickness of the primary tumour (Breslow, 1970 (Breslow, , 1975 , tumour thickness has been used in all parts of the world as the main prognostic guide, and in general this is justified. For example, in Scotland overall 5 year disease-free survival for 1661 patients first diagnosed as having primary melanoma between 1979 and 1984 was 72%, but when divided into three primary tumour thickness categories -under 1.5 mm, 1.5-3.49 mm and 3.5 mm and over -the 5 year figures are 93%, 73% and 48% respectively (MacKie et al., 1992) . This, however, illustrates the point that 7% of patients with thin tumours have died of melanoma, while 52% of those with thick tumours are alive and apparently tumour free at 5 years. It therefore appears that other factors, possibly interacting with tumour thickness, are also involved in the tumour-host relationship. Know (Vollmer, 1989 
Patients and methods

Patients
The study population on which these models were based are the patients registered with the Scottish Melanoma Group between 1979 and 1986. This group comprises all patients in Scotland in whom the pathological diagnosis of invasive cutaneous malignant melanoma was first made during these years. The mean follow-up time is 5.2 years, the mean time to death in non-survivors 3.0 years and the average follow-up of survivors is 6.4 years.
At the time of registration, details of clinical, pathological and treatment variables are entered. These include sex and age of the patient, anatomical site of the tumour, tumour thickness, level of invasion, histogenetic type, mitotic count, presence of ulceration, regression or pre-existing naevus and excision marins. Follow-up information is obtained thereafter at regular intervals.
Statistical analysis
The full analysis on all available data pertaining to death due to melanoma was carried out using the product-limit method of survivor function estimation, Cox's proportional hazards regression model and log-rank tests as appropriate (Everitt, 1989 Two of the three collectively most important prognostic factors (i.e. uklration and sex) take only two possible values. In addition, uklcrated lesions tend to be associated with thicker tumours, while non-ulcerated lesions are in general thinner. Mainly for these reasons, but with the additional evidence that a sex-uklcration interation with respect to prognosis existed (P<0.0001), it was important to consider the four distin subgroups of sex and ulcemation statusmales and females with uklrated or non-ulcerated lesions.
Stepwise proportional hazards models were then fitted to the data from each of these four subgroups (Table H) . It will be seen that within these four subgroups the choice and effects of the remaining signnt prognostic factors are very different. This is particularly apparent for tumour thickness. Table Ill , from which it will be seen that there is exceilent agreement between predited and actual total numbers of survivors at the corresponding timeponts.
Based on the PH models for each distinct subgroup (Tabk II), 5 year survival probabilities were calated to illustrate prognosis for patients with melanomas 1 mm, 3 mm and 5 mm thick. This is shown in Table IV , from which it will be seen that survival prospects vary greatly depending on the sex of the patient and whether or not the lesion is ulcrated.
For example, melanomas of 1 mm are generally considered to have a good prognosis, and this is true for non-ulerated melanomas in women with 94% 5 year disease-free survival;
however, for a male with 1 mm lesion which is uklrated and has invaded to Clark level 3 or 4, 5 year survival prospects are only 51 %. Conversely, a primary melanoma 5 mm thick is considered as a poor prognosis lesion but, if occurring in a female and non-ulcerated, 5 year disease-free survival prospects are 82% for a tumour of the same thickness. These figures make the point that for adequate counseling of patients and their families, more information than just tumour thickns must be considered. Table IV also makes the point that risk of recurr is far higher in ulcerated lesions, particularly in males, and that it might therefore be prudent to follow up males at 3 monthly intervals for the first 5 years after surgery, in the hope of detecting recurrences at a very early stage when further surgical intervention is more likely to prolong survival.
The aim of this study has been to use sophiscated statistical techniques on a large geographically based database to obtain prognostic information relevant to that population, and to identify subsets of patients with markedly different survival prospects. All such models require validation, and ours has been valdated within the same geographic area with an independent patient population not used for the orginal derivation of the model. Validation using a melanoma patient group drawn from a different geographic area is now required to test the geographic uniersality of the model. This is important, as in our experience the models derived by Clark et al. (1989) Tlhis study emphasise the importance of approprate statistical analyses to study the interaction between factors of susected prognosic signiicance. The differng results in the literature may well be due at least in part to a failure to study these interactions fully, by only considering features of putative prognostic signi in isolation. However, there may also be geographic variation in prognostic factors, based for example on subtle effects on the immune systm caused by intense UV exposure in high melanoma incidence countries such as Ausralia. It is hikely that in different parts of the world where median tumour thicknesses differ, and the incidence of melanoma is signiiantly different, these prognostic models may be less relevant. Accordingly, each large centre may need to derive its own model, i.e. set of rekvant prognostic features and their interactions, from retrspective data on which 5 year follow up at minimum is available, and then validate it on a second data set from that area. We would, however, anticipate that the model presented here will be relevant at last to a northern European settng. 
